1. Introduction {#s0005}
===============

In physical therapy, observational assessment of movements in patients with disabilities, as well as examination by touch, has been believed to be an essential method for appropriate treatment ([@bb0045]; [@bb0285]). Through such an assessment, physical therapists (PTs) are required to accurately identify the physical and mental states of their patients, which includes movement difficulty, muscle stiffness, and negative affective feeling ([@bb0025]; [@bb0265]). During observational assessments of patient movements, PTs likely need to engage their own neural systems involved in action understanding and theory of mind, such as the action observation network (AON) and right temporoparietal junction (rTPJ), to obtain an accurate understanding of the bodily and mental states of the patient.

The action observation network (AON)---which encompasses the mirror neuron system (MNS), posterior superior temporal sulcus, somatosensory areas, and motion-related visual areas---plays a substantial role in mapping observed actions onto the observer\'s corresponding motor representation. Thus, it is thought that the AON response to observed actions enables functional comprehension of actions performed by others ([@bb0070]; [@bb0085]; [@bb0145]; [@bb0180]; [@bb0195]; [@bb0270]).

The right temporoparietal junction (rTPJ) is engaged during action observation when the observer perceives the action-related mental state or takes the perspective of the action performer ([@bb0020]; [@bb0035]; [@bb0040]; [@bb0080]; [@bb0110]; [@bb0225]; [@bb0280]; [@bb0310]). The rTPJ is one of the neural substrates comprising the theory-of-mind (ToM) network. Prior data suggest that the rTPJ preferentially responds to understanding another person\'s affective and cognitive mental state as opposed to perceiving the kinematics of observed action ([@bb0315]; [@bb0310]). Notably, [@bb0225] revealed that when subjects observed another person\'s action, the rTPJ was closely associated with perceiving the other person\'s feeling of effort for that action.

Engagement of these neural networks is likely modulated by the observer\'s actual physical experiences and familiarity with the observed movements ([@bb0015]; [@bb0065]; [@bb0090], [@bb0095]; [@bb0210]; [@bb0260]). The AON is recruited during the observation of movements that the observer has previously experienced, enabling the observer to reference stored representations when attempting to understand those observed movements ([@bb0065]). Some data suggest that the AON is also activated during the observation of movements that healthy individuals cannot experience, such as robotic movements ([@bb0095]; [@bb0160]; [@bb0210]; [@bb0290]). This suggests that the observation of impossible movements requires paying attention and that motor representations are activated to interpret the sensation of observing unexperienced movements. However, a study by [@bb0090], which controlled for the experience factor, clearly revealed that actual experiences have a closer link with AON recruitment when it comes to understanding observed movements when compared to no physical experiences. In the case of activation patterns of the rTPJ, [@bb0075] reported that physicians with acupuncture expertise exhibit greater rTPJ activation while observing acupuncture treatment compared to non-physician participants without acupuncture expertise. They concluded that based on their practical experiences, physicians were physically aware that acupuncture situations would be painful, possibly leading them to automatically observe the situation from an external viewpoint. In other words, an observer\'s physical familiarity, attributable to treatment experiences, may promote increased neural responses in the rTPJ.

Although, most PTs have not physically experienced severe neurological diseases, such as stroke, skilled PTs correctly identify the physical and mental states of patients with hemiplegia to some extent. PTs have abundant treatment and examination experience for patients with hemiplegia through their somatosensory and visual systems mutually (e.g., touching and observation of patients with hemiplegia). Thus, they are considered to have acquired pseudoexperience with hemiplegic movements attributable to their clinical processes. Therefore, we hypothesized that the PTs\' acquired pseudoexperience with hemiplegia would effectively produce enhanced brain activation in the neural system associated with understanding others (i.e., AON and rTPJ) and enable them to sophisticatedly comprehend the physical and mental states associated with the hemiplegic movements.

In the present study, we aimed to investigate our hypothesis, and recruited highly-skilled PTs who were experienced in hemiplegia treatment and naïve participants (NPs) who were not PTs and had no prior experience with hemiplegia. We then measured blood-oxygen-level dependent (BOLD) signals using functional MRI (fMRI) while the participants viewed movies of hemiplegic hand movements performed by individuals with stroke-induced hemiplegia. The participants observed hand movements performed by the hemiplegic and non-hemiplegic hands in two different conditions.

We also developed a detailed questionnaire to assess the degree of understanding of hemiplegic movements. Other than pain-related investigations, few previous fMRI studies of action observation have effectively utilized subjective rating scales. However, such measures are required to confirm whether the observers actually understand the physical states associated with the observed movements. Here we utilized a detailed questionnaire regarding the bodily and mental states associated with hemiplegic movements, based on common subjective feeling states arising from the hand movements of the six individuals with hemiplegia depicted in the video stimuli.

In addition to this questionnaire, we adopted another questionnaire that examines the degree of an individual\'s empathic trait, the interpersonal reactivity index (IRI) ([@bb0100]). Previous studies have suggested that individuals with higher empathic traits exhibit more enhanced activation in brain systems associated with understanding and empathizing with others ([@bb0205]; [@bb0240]; [@bb0235]). We hypothesized that rather than highly empathic traits, pseudoexperience with hemiplegia should preferentially play a role in activating such brain systems and understanding the feeling states associated with hemiplegia. To test this hypothesis, we asked the participants to complete the IRI questionnaire to measure their empathic traits after completion of the former questionnaire.

2. Materials and methods {#s0010}
========================

2.1. Participants {#s0015}
-----------------

We recruited 38 participants (23 women and 15 men; mean age, 30.9 ± 4.2 years; range, 24--39 years) who had no history of neurological or psychiatric illnesses, and who were all right-handed according to the Edinburgh Handedness Inventory ([@bb0250]). All the participants were college graduates. Nineteen participants (11 women and 8 men; mean age, 32.4 ± 3.7 years) were physical therapists (PTs) who had at least 5 years of clinical experience with treating patients with hemiplegia (mean years of experience, 8.8 ± 2.3), all of whom had consistent daily contact with patients with hemiplegia. The remaining 19 participants (12 women and 7 men; mean age, 29.4 ± 4.3 years) were naïve participants (NPs) who had little to no experience examining or observing patients with hemiplegia. After the experiment, we confirmed that they had never made complete contact with individuals with hemiplegia. All participants provided written informed consent. The study protocol was approved by the Institutional Ethics Committee of Tokyo Medical and Dental University (Approval Number: 1264) and was conducted in accordance with the Declaration of Helsinki.

2.2. Stimuli {#s0020}
------------

The stimuli comprised color video clips depicting individuals with hemiplegia performing clasping--unclasping motions with their hands. Recordings were made using a digital video camera (GZ-RX500-B; JVC, Inc., Kanagawa, Japan), and included both hemiplegic hand movements (HHMs) and non-hemiplegic hand movements (non-HHMs) ([Fig. 1](#f0005){ref-type="fig"}) performed by six individuals with stroke-induced hemiplegia (three women and three men). Three individuals had right-sided hemiplegia, and the other three had left-sided hemiplegia. All had similar degrees of hemiplegia (mean Motor Status Scale hand score, 5.7 ± 1.2), such that they were capable of incomplete active flexion and extension, only with all of their fingers in synergy ([@bb0130]). None had orthopedic impairments in the hemiplegic hand or functional impairments in the non-hemiplegic hand.Fig. 1Two kinds of video clips were presented to participants. Left: The hemiplegic hand movements (HHM) condition. Right: The non-hemiplegic hand movements (non-HHM) condition.Fig. 1

In the present study, all of the stimuli were presented from the third person perspective (3PP), as PTs generally observe and assess their patients from the 3PP. Additionally, in many previous studies investigating imitative behavior or action observation, the 3PP has been considered to be another person\'s viewpoint (as if the observers are facing the others) ([@bb0050]; [@bb0175]; [@bb0185]; [@bb0300]; [@bb0305]). Based on the fact that PTs observe the patients as "other", we considered that the 3PP was more appropriate for our study compared to the first person perspective, in which the observers observe movement from their own perspective.

To create additional stimuli, each video clip was flipped in the horizontal direction. For example, we recorded a right-sided HHM and a left-sided non-HHM from one individual with right-side hemiplegia. We then inverted the video clips to create a left-sided HHM and a right-sided non-HHM. Thus, four video clips were created from each individual (two HHMs and two non-HHMs), yielding a total of 24 video clips (12 HHMs and 12 non-HHMs) from the six individuals with hemiplegia. Each video clip included one clasping--unclasping movement, and lasted 8 s. Immediately after recording the video clip, the individuals with hemiplegia were asked to give a free response to the following question: "What did you feel regarding your hand and the hand movement while performing the clasping--unclasping movement?" Based on their responses, we created a questionnaire regarding movement-associated feeling states (QMF) to assess the study participants\' understanding of observed actions (see Post-scanning ratings). The participants were not provided information about the individuals performing the hand movements to ensure that they were not biased toward the video stimuli during the present experiment.

2.3. fMRI procedure {#s0025}
-------------------

For each observer, the experimental session included the presentation of both HHM and non-HHM video clips, with 12 hemiplegic trials and 12 non-hemiplegic trials. Each trial lasted 18 s, and involved the presentation of a white fixation cross for 1 s, followed by an 8-s video clip, another white fixation cross for 1 s, and repetition of the same 8-s video clip; thus, the same video clip was presented twice in each trial. The hemiplegic and non-hemiplegic trials were alternated in a fixed sequence, with an 18-s inter-trial interval, during which a white fixation cross was presented on a black background. A behavioral pilot study indicated that the participants may receive a more intense impression if the video is shown twice. Thus, we repeatedly showed the same video in one trial to our study participants. In both trials, the video clips were presented in random order. The total fMRI session duration was 14 min 24 s. All video clips were presented using Presentation 18.2 (Neurobehavioral Systems, Inc., Albany, CA, USA).

In the scanner, participants were asked to observe the hand movements and to think about what the performers were physically and mentally feeling regarding their hands during each movement. They were also informed that they would be asked the same question after observing the same video clips outside of the scanner.

2.4. Imaging data acquisition {#s0030}
-----------------------------

MRI was performed using a 3 T whole-body superconducting scanner system (MAGNETOM Spectra 3 T; Siemens, Inc., Germany) equipped with a quadrature detection birdcage head coil and an actively shielded gradient coil. Functional scans were performed using T2\*-weighted echo-planar imaging (EPI) gradient-echo sequences. The BOLD-sensitive single-shot EPI sequence parameters included a repetition time (TR) of 2000 ms, echo time (TE) of 30 ms, 77° flip angle (FA), 64 × 64 matrix size, 192 × 192 mm^2^ field-of-view (FOV), slice number of 34, slice thickness of 3.0 mm, and a gap between slices of 0.75 mm. For each participant, we also acquired a T1-weighted anatomical image using the following parameters: TR = 1900 ms, TE = 2.42 ms, FA = 9°, FOV = 250 mm, 256 × 256 matrix size, and slice thickness of 1 mm.

2.5. Post-scanning ratings {#s0035}
--------------------------

Immediately following the fMRI scan, participants were asked to view each video clip again on a laptop computer, and to use the QMF to answer the question "What does the performer feel regarding the hand and hand movement while performing the clasping--unclasping movement?"

The QMF contained the following 11 negative and positive items (with the former item being negative and the latter positive): (1) the hand is heavy -- the hand is light (HEAVY); (2) the hand is stiff -- the hand is soft (STIFF); (3) the hand is rigid -- the hand is flexible (RIGID); (4) I cannot relax the hand -- I can relax the hand (NOT RELAX); (5) the movement is awkward -- the movement is smooth (AWKWARD); (6) my grip is strong -- my grip is weak (STRONG GRIP); (7) I cannot control the movement as I thought -- I can control the movement as I thought (NO CONTROL); (8) the movement is irritating -- the movement is not irritating (IRRITATING); (9) the movement is slow -- the movement is quick (SLOW); (10) it is difficult to move my fingers -- I can move my fingers with ease (DIFFICULTY); and (11) it is impossible to extend the finger sufficiently -- it is possible to extend the finger sufficiently (IMPOSSIBLE EXTENSION). The participants responded using a 7-point semantic differential scale (negative items, 7: completely agree, 6: definitely agree, 5: slightly agree, 4: neither agree nor disagree, 3: slightly agree, 2: definitely agree, 1: completely agree, positive items). All negative items on the QMF were created based on the following procedures. Immediately after the individuals with hemiplegia performed hand movements for the movie stimuli, they were asked to freely describe what they were feeling about their hands and movements in their hemiplegic sides. We then confirmed their responses by asking them whether they felt they had answered the items completely or not. We then adopted 11 common "completely felt" items described by the six individuals with hemiplegia, as negative items on the QMF. We then created the positive items to represent the opposite of the negative items. Thus, higher questionnaire scores for the hemiplegic hands were considered to indicate that the participant more accurately understood the performers\' feelings. For example, if the participants answered "completely agree" to the negative item "the hand is heavy", we considered it to reflect that they accurately understood the performer\'s feeling.

2.6. Measurement of empathic ability {#s0040}
------------------------------------

After evaluating the observed hand movements via QMF, the participants were asked to complete the IRI ([@bb0100]), which is the most widely used self-administered questionnaire for measuring individuals\' dispositional empathy. The IRI comprises four subscales, each measuring a distinct component of empathic traits: (1) perspective-taking (IRI-PT) describes the ability to cognitively adopt another person\'s psychological point of view; (2) fantasy (IRI-FS) describes spontaneous tendencies to become immersed in the feelings and actions of fictional situations; (3) empathic concern (IRI-EC) describes feelings of emotional compassion and concern for others; and (4) personal distress (IRI-PD) describes "self-focused" negative feelings of personal anxiety and unease in response to others\' tense experiences. Previous data indicate that AON and rTPJ activation are modulated by highly empathic traits ([@bb0205]; [@bb0235]). We used this measurement scale to clarify whether the AON and rTPJ responses in our experiment were related to the participants\' empathic abilities or to their pseudoexperience with hemiplegic movements.

2.7. fMRI data analyses {#s0045}
-----------------------

Image preprocessing and statistical analyses were performed using SPM8 (Wellcome Department of Imaging Neuroscience, London, UK), implemented in MATLAB R2014b (Mathworks, Inc., Sherborn, MA, USA). To correct for interscan head movements, EPI images were realigned to the first image, and the slice timing of each image was corrected to the middle slice. Next, the mean of the realigned EPI images was co-registered with the T1-weighted MR images, after which the co-registered T1-weighted images were normalized to the Montreal Neurological Institute (MNI) template. The parameters from this normalization process were applied to each EPI image. Finally, the normalized EPI images were spatially smoothed using a Gaussian kernel of 8 mm full-width at half-maximum.

A first-level participant-wise analysis was performed using a general linear model (GLM) with the hemodynamic response function modelled as a boxcar function. The realignment parameters were included in the GLM as confounding covariates. For each participant, we generated statistical parametric maps of the *t* statistic and stored the contrast images for a second-level random effects analysis to enable population inferences. For within-group analyses, the main effects for observing hemiplegic hand movements (i.e. HHM vs. non-HHM and non-HHM vs. HHM) were separately computed for PTs and NPs using one-sample *t-*tests. For between-group analyses of contrast images, we used a two-sample *t*-test to compare brain activation between PTs and NPs using contrast images of the main effects from each group (i.e. HHM vs. non- HHM and non-HHM vs. HHM). For all comparisons in the second-level analyses, the voxel-level threshold was set to *P* \< .001 (uncorrected), and the cluster-level threshold was set to *P* \< .05 with correction for family-wise error (FWE). We then extracted the eigenvariate values (parameter estimates, mean ± standard error) from any activated clusters that showed significant differences in interactive comparisons of \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\].

After we identified the significantly activated cluster in the above interaction contrast, we performed multiple regression analysis to test the effect of the degree of understanding the HHM feeling, the personal empathic trait, and the participants\' pseudoexperience factor on the rTPJ activity, which was an activated cluster in the above- interaction contrast. Given a priori evidence that the rTPJ is critically involved in understanding of another person\'s mental perspective and closely related to an individual\'s empathic traits, we hypothesized that the rTPJ activity in our experiment would be predicted either by the participants\' pseudoexperience factor (PT or NP), or by the degree of understanding of hemiplegic states (i.e., the QMF), rather than empathic trait (i.e., the IRI). Before implementing this analysis, composite variables were generated for each questionnaire\'s scores, such as the sum scores of 11 items in the QMF and those of four subscales in the IRI for each participant. Thereafter, parameter estimates of the rTPJ were entered as dependent variables and the composite variables of QMF, those of IRI, and the participants\' factors (PT or NP) were entered as independent variables. The level of significance was set at *P* \< .05.

2.8. Effective connectivity analyses {#s0050}
------------------------------------

We performed psychophysiological interaction (PPI) analyses, which assessed the hypothesis that activity in a brain region can be explained by an interaction between a cognitive process and the activity in another region, to identify brain regions that showed stronger covariation with the rTPJ during PT observations of HHMs ([@bb0135]). The results of our second-level analyses for the comparison \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\] revealed greater activation in the rTPJ; therefore, we designated the rTPJ as the seed region. Notably, as mentioned above, the rTPJ is critically involved in assuming another person\'s mental perspective and is functionally linked with the AON ([@bb0055]).

Individual volumes of interest (VOIs) were generated as spheres with a 3-mm radius around local maxima for the rTPJ. The sphere center was determined based on the coordinates of brain regions that were significantly activated in the second-level analyses comparing \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\] (rTPJ: *x* = 52, *y* = −32, *z* = 20). We aimed to set the radius size so as not to deviate from the activated rTPJ cluster, and it was also based on previous studies implementing PPI analyses ([@bb0120]; [@bb0115]; [@bb9000]). PPI analyses consists of three regressors: the psychological variable, the physiological variable, and the PPI term (i.e., the interaction between two variables). For the physiological variable, we first estimated the actual neural activity in the VOI (i.e. rTPJ) by extracting the time series for each PT and NP. This activity within the rTPJ was used as the physiological variable. Next, the psychological variable was vector coded for the effects of the PTs\' pseudoexperience with hemiplegia (1 for HHM, −1 for non-HHM) and that of the NPs\' same contrast (1 for HHM, −1 for non-HHM), which were convolved with hemodynamic response function (HRF). Finally, to create PPI regressors, the deconvolved physiological variables were multiplied by the psychological vectors and then reconvolved with HRF. Through these processes, participant-wise PPI models were created, and contrast images were generated for positive PPIs. These contrast images were entered into a second-level analysis for contrasts of interest. Clusters showing differing connectivity between the chosen conditions were visualized using SPM *t*-maps. The voxel-level threshold was set to *P* \< .001 (uncorrected), and the cluster-level threshold was set to *P* \< .05 (corrected for FWE).

2.9. Behavioral data analysis {#s0055}
-----------------------------

For behavioral analyses, the main dependent variables were the subjective rating scores for each QMF item. Mann-Whitney *U* tests were performed to compare the results between PTs-HHM vs. NPs-HHM and between PTs-non-HHM vs. NPs-non-HHM. Wilcoxon signed-rank tests were used for comparisons between PTs-HHM vs. PTs-non-HHM and between NPs-HHM vs. NPs-non-HHM. Bonferroni correction was performed to avoid type I error. For each test, the level of significance was set at *P* \< .0125 (i.e., 0.05 was divided by four, the number of above tests). For analyses of IRI scores in total and for each subscale, Mann-Whitney U tests were performed to compare scores between PTs and NPs. For each test, the level of significance was set at *P* \< .05. Thereafter, to clarify the effect of an individual\'s empathic traits on the ability to understand the feeling states of hemiplegic movements, Spearman\'s rank correlation analyses were performed on each IRI score (IRI-PT, IRI-FS, IRI-EC, and IRI-PD) with the scores of each item in the QMF calculated for both PTs and NPs. To avoid type I error, we performed Bonferroni correction. For each correlation test, the level of significance was set at P \< .0125 (i.e., 0.05 was divided by four, the number of correlation tests based on the four IRI subscales). Behavioral data analyses were performed using SPSS statistical software version 18.0 (SPSS Statistics Base; IBM, Inc., Chicago, IL, USA).

3. Results {#s0060}
==========

3.1. QMF scores {#s0065}
---------------

[Fig. 2](#f0010){ref-type="fig"} shows the upper quartile (75%), median (50%), and lower quartile (25%) of the subjective rating scores for each QMF item. Compared to the NPs, PTs provided significantly higher median ratings for all items in the HHM condition (*P* \< .001 for all differences). In the non-HHM condition, the median ratings did not significantly differ between the PT and NP groups, with the exception of the STRONG GRIP item.Fig. 2Box plots depicting the upper quartile (75%), median (50%), and lower quartile (25%) of the subjective rating scores for each questionnaire item. PTs: physical therapists; NPs: naïve participants; HHM: hemiplegic hand movements; non-HHM: non-hemiplegic hand movements.Fig. 2

3.2. IRI scores {#s0070}
---------------

The median IRI total score and subscale scores did not significantly differ between the PT and NP groups: Total-IRI (PT = 79, NP = 78; *P* = .95), PT-IRI (PT = 20, NP = 22; *P* = .80), FS-IRI (PT = 20, NP = 21; *P* = .73), EC-IRI (PT = 21, NP = 22; *P* = .60), PD-IRI (PT = 17, NP = 18; *P* = .67).

3.3. Correlation results between QMF and IRI scores {#s0075}
---------------------------------------------------

With regard to the PTs, we did not observe any significant correlations between each IRI score (IRI-PT, IRI-FS, IRI-EC, and IRI-PD) and the scores for each QMF item. With regard to the NPs, we observed a significant positive correlation between the scores only for IRI-PT and those for four QMF negative items (STIFF: *r* = 0.79, *P* \< .0125; NOT RELAXED: *r* = 0.68, P \< .0125; NO CONTROL: *r* = 0.82, P \< .0125; and IRRITATING: *r* = 0.63, P \< .0125). On the other hand, none of the NPs\' scores for IRI-EC, IRI-FS, or IRI-EC significantly correlated with the scores for each QMF item.

3.4. Brain imaging {#s0080}
------------------

[Fig. 3](#f0015){ref-type="fig"}, [Fig. 4](#f0020){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"} present the regions of significant neural activation revealed by second-level random-effects analyses. We compared the HHM and non-HHM conditions within each group. In the HHM condition, when compared to the non-HHM condition, the PT group exhibited significantly greater brain activation in the main components of the AON, encompassing the frontoparietal and temporal areas and several visual areas ([Table 1](#t0005){ref-type="table"}). The opposite contrast (non-HHM vs. HHM) for the PT group revealed significant activation in several primary visual areas, but none within the AON.Fig. 3Brain regions exhibiting significant activation for the contrast of HHM vs. non-HHM. Top: The PT group. Bottom: The NP group. PTs: physical therapists; NPs: naïve participants; HHM: hemiplegic hand movements; non-HHM: non-hemiplegic hand movements.Fig. 3Fig. 4Brain regions exhibiting significant activation for the contrast \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\], and the parameter estimates from the activated clusters under each of the following conditions: PTs-HHM, NPs-HHM, PTs-non-HHM, and NPs-non-HHM. Rt: right; Lt: left; IPL: inferior parietal lobule; SMG: supramarginal gyrus; SPL: superior parietal lobule; BA2: Brodmann area 2; rTPJ: right temporoparietal junction; PTs: physical therapists; NPs: naïve participants; HHM: hemiplegic hand movements; non-HHM: non-hemiplegic hand movements.Fig. 4Table 1Brain regions with significant activation under the (HHM -- non-HHM) contrast.Table 1L/RRegionMNI coordinatetxyzThe PT groupRInferior parietal lobule46−28427.40LInferior parietal lobule−40−40505.80RSuperior parietal lobule20−62609.01LSuperior parietal lobule−34−54647.57LVentral premotor area−526224.82RVentral premotor area500364.64RDorsal premotor area24−10566.50RDorsal premotor area−24−10645.55LInferior frontal gyrus−4240−144.91RSomatosensory area (BA1, 2)46−28427.83LSomatosensory area (BA1, 2)−40−44626.39LMiddle temporal gyrus (V5/MT)−48−6454.24LInferior occipital gyrus (V4)−28−96−68.14LMiddle occipital gyrus−34−72164.95RInferior temporal gyrus48−62−86.95RMiddle temporal gyrus (V5/MT)52−60−27.06RInferior occipital gyrus (V4)36−88−47.64  The NP groupRInferior parietal lobule60−3484.69LSuperior parietal lobule−42−46644.31RInferior occipital gyrus (V3)30−92−86.27LMiddle occipital gyrus (V4)−30−9605.37LMiddle occipital gyrus (V4)−52−7405.18[^1]Table 2Brain regions with significant activation under the \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\] contrast.Table 2L/RRegionMNI coordinatetxyzRDorsal premotor area22−22664.10RRight temporoparietal junction52−32203.43RInferior parietal lobule46−32463.92LInferior parietal lobule−44−40463.77LSupramarginal gyrus−48−52303.71LSuperior parietal lobule−20−58704.17RPrimary somatosensory area(BA2)40−44644.54LPrimary motor area−22−26683.73LMiddle cingulate cortex−162444.09[^2]

Within the NP group, we detected significantly stronger brain activation for the HHM condition than for the non-HHM condition within several visual areas and in a parietal portion of the AON. The opposite contrast (non-HHM vs. HHM) revealed greater activation only in several primary visual areas.

To investigate the effects of interactions related to the participant group and HHM observation, we calculated the differential activity associated with these two factors. We calculated the contrast \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\] to identify regions in which the effect of HHM observation was associated with greater neural response in the PT group than in the NP group. The results revealed significant activation in several components within the AON and other regions, including the right dorsal premotor area (PMd), bilateral inferior parietal lobule (IPL), left supramarginal gyrus (SMG), left superior parietal lobule (SPL), right primary somatosensory area (BA2), rTPJ, left middle cingulate cortex, and right superior temporal gyrus ([Fig. 4](#f0020){ref-type="fig"} and [Table 2](#t0010){ref-type="table"}). The opposite contrast \[NPs (HHM vs. non-HHM) vs. PTs (HHM vs. non-HHM)\] did not reveal significant activation in any regions.

In the multiple regression analysis, the model including the participants\' pseudoexperience factor, QMF, and IRI was statistically significant \[adjusted R^2^ = 0.22, *P* \< .01\]. However, none of the independent variables in the model were significant \[the participants\' pseudoexperience factor; β = 0.49, *t* = 1.65, *P* = .11; the QMF; β = 0.04, *t* = 0.13, *P* = .9; and the IRI; β = 0.11, *t* = 0.5, *P* = .5\].

3.5. Psychophysiological interaction (PPI) analyses {#s0085}
---------------------------------------------------

We further aimed to clarify the neural mechanisms associated with understanding the mental states of individuals with hemiplegic movements and to assess possible differences in these mechanisms between PTs and NPs. To this end, we performed PPI analysis using the rTPJ as the seed region in each group. When PTs observed HHMs, we observed increased effective connectivity between the rTPJ and some areas of the AON (the right IFG, right PMv, and right PMd), bilateral visual areas, and the cerebellum ([Fig. 5](#f0025){ref-type="fig"} and [Table 3](#t0015){ref-type="table"}). However, we failed to find increased connectivity between the rTPJ and any other areas while the NPs observed HHMs.Fig. 5Brain regions exhibiting increased effective connectivity with the rTPJ during physical therapists\' observations of hemiplegic hand movements. Rt: right; PMv: ventral premotor area; IFG: inferior frontal gyrus.Fig. 5Table 3Psychophysiological interaction analysis.Table 3L/RRegionMNI coordinatetxyzRInferior frontal gyrus4418265.33RInferior frontal gyrus5232185.46RVentral premotor area5410384.23RDorsal premotor area420543.93RFusiform gyrus32−68−85.75LInferior occipital gyrus−44−88−45.19LMiddle occipital gyrus−18−10065.09LMiddle occipital gyrus−60−54−44.78LCerebellum−12−74−466.23LCerebellum−38−54−444.64RCerebellum28−60−465.00[^3]

4. Discussion {#s0090}
=============

In the present study, we investigated whether the neural mechanisms associated with understanding the bodily and mental states of individuals with hemiplegic movements differed between PTs who had pseudoexperience with hemiplegia during clinical practice versus NPs. The PTs who viewed hemiplegic movements exhibited increased activation in some components of the AON and rTPJ when compared to that observed when the NPs viewed the same movements. Furthermore, PPI analyses revealed increased connectivity between the rTPJ and some components of the AON during the PTs\' observation of HHMs. In the HHM condition, QMF ratings of all items were significantly higher in the PT group than in the NP group. Moreover, the IRI total and subscale scores did not significantly differ between PTs and NPs, suggesting that PTs did not have a greater general empathic ability than NPs. Overall, our findings suggest that, pseudoexperience with hemiplegic movements in highly-experienced PTs enhances the recruitment of the AON and rTPJ in these individuals when they observe hemiplegic hand movements, enabling them to more accurately understand hemiplegia-associated physical feelings and mental states.

4.1. Effects of pseudoexperience with hemiplegic movements on the understanding of bodily states {#s0095}
------------------------------------------------------------------------------------------------

The interaction contrast \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\], reflecting the effect of HHM observation in the PT group relative to the NP group, revealed greater activation in the bilateral IPL, left SMG, left SPL, and right BA2. These areas are considered main components of the AON, which is prominently involved in action understanding ([@bb0065]; [@bb0090]; [@bb0150]; [@bb0170]; [@bb0295]). Indeed, previous data indicate that the IPL---especially the SMG---plays a key role in bodily and movement representation ([@bb0065]; [@bb0245]; [@bb0275]). The SPL is involved in maintaining and updating the representation of bodily posture ([@bb0125]; [@bb0255]). Furthermore, the BA2 is responsive to afferent proprioceptive information and is reciprocally connected to the IPL ([@bb0195]). Their functions suggest that these parietal areas likely underlie a person\'s ability to understand the physical feelings associated with observed movements. Our present findings suggest that the clinical experience of PTs, such as careful handling and observation, may update their bodily representations to include hemiplegic bodies and movement states, allowing them to accurately understand the physical states associated with hemiplegia.

The PTs exhibited greater AON activation for HHMs, but they should have been more familiar with non-HHMs, as none had directly experienced hemiplegia with their own hands. Similar to the PTs, the NPs exhibited more robust activation in some regions of the AON for HHMs than for the non-HHMs. One possible explanation for these results is that AON activation varies with the physical effort and complexity of the observed actions. Indeed, QMF scores revealed that both the PTs and NPs appraised feelings as more effortful or complex in the HHM condition compared to the non-HHM condition, in agreement with previous imaging data regarding action observation ([@bb0005]; [@bb0030]). [@bb0030] reported greater activation in certain AON components (e.g. the parietal area) when participants observed complex finger movements compared to simple finger movements. Importantly, compared to the NPs, the PTs in our study exhibited greater increases in AON activity for the HHM condition and provided higher subjective QMF ratings. This suggests that the PTs\' pseudoexperience with hemiplegia enabled them to more accurately recognize hemiplegic physical feelings.

However, both groups (PTs and NPs) showed greater activation in only several primary visual areas in the non-HHM condition when compared to the HHM condition. In accordance with the above notion, one might speculate that this condition appears so simple that it is not necessary to produce AON activation. Instead, the participants simply analyze the movement visually through the visual areas. This finding also supports the notion that PTs exploit their bodily representation for accurate assessment of HHM via the AON activation.

4.2. Effects of pseudoexperience with hemiplegic movements on inferences regarding mental states {#s0100}
------------------------------------------------------------------------------------------------

The interaction contrast \[PTs (HHM vs. non-HHM) vs. NPs (HHM vs. non-HHM)\] revealed increased activation in the rTPJ. Moreover, compared to the NPs, PTs provided higher subjective ratings for emotional items in the QMF during the HHM condition (i.e. NO CONTROL, DIFFICULTY, and IRRITATING), reflecting their nearly complete agreement of hemiplegia-associated mental states (see box plots of these items in [Fig. 2](#f0010){ref-type="fig"}). Accordingly, previous studies suggest that the rTPJ is involved in the perception of another person\'s affective mental states ([@bb0110]; [@bb0220]; [@bb0280]; [@bb9005]). The multiple regression analysis showed that the none of variables could predict the rTPJ activity. One explanation for this finding is either multicollinearity among the dependent variables, or the small sample sizes used for this analysis. In this study, however, we consider that direct comparisons of each variable between groups, will better emphasize and, directly address the effect of pseudoexperience. Overall, our results suggest that PTs\' pseudoexperience with hemiplegia exerts effects to exhaustively understand the negative mental states associated with hemiplegia.

However, some previous studies reported that the rTPJ plays a role in visuospatial transformation, such as adopting the spatial perspective of an observed other\'s action by imaging observers themselves in the perspective of the other ([@bb0010]; [@bb0040]). However, in the present study, all of the hand stimuli were presented from the same third person perspective so that our participants might process all of the stimuli in a similar way, regardless of the stimulus condition. On the other hand, the most robust activation in the rTPJ occurred when the PTs observed HHMs with ratings that were the most accurate in some negative items. It seems to reflect PTs\' processes to reason the more complicated feeling states associated with HHMs (i.e. NO CONTROL, DIFFICULTY, and IRRITATING) rather than the process of visuospatial transformation of HHMs.

When the PTs viewed HHMs, we also observed an increased effective connectivity between the rTPJ and portions of the AON, including the IFG, PMv, and PMd. This finding is in accordance with previous data suggesting a close relationship between the MNS and the rTPJ during mentalization regarding other people\'s mental states ([@bb0060]; [@bb0105]; [@bb0215]). [@bb0215] demonstrated that when participants attempt to infer the mental state of themselves or others, neural signals in the rTPJ interact with those in portions of the MNS (i.e. the PMv, PMd, and IFG). When observing another person\'s action, the MNS may first mirror the action to develop a shared representation. Subsequently, the mentalizing system of the rTPJ is activated, enabling the observer to assume the mind of the other person ([@bb0060]). Together with the behavioral findings that PTs rated almost complete agreement with the mental-related items, it is conceivable that their bodily-related neural system, via the rTPJ, greatly contributes to the exhaustive understanding of the mental-states associated with hemiplegic movements---even though they are not a clinical mental health care provider, such as a clinical psychologist or a psychiatric occupational therapist. PTs may map the difficulty with movement based on their own bodily representation, and then apply this difficulty associated information to appropriately infer the mental states associated with a particular movement. This kind of exhaustive mentalizing ability, based on observing movements in persons with disability, may be the highly pseudoexperienced PT\'s specific skill.

Our present findings do not indicate which aspect of pseudoexperience (e.g. observation of or physical contact with patients with hemiplegia) exerts a greater influence on the observer\'s understanding. Future studies are required to further elucidate the effects of pseudoexperience by examining the direct influence of each experiential factor; for example, an interventional study could be performed with participants who have experience with direct touching or only observation of individuals with hemiplegia. In addition, another future study in which individuals with hemiplegia are recruited as study participants are also required to investigate whether the effect of pseudoexperience for accurate understanding the hemiplegic states is similar to that of actual experience with hemiplegia.

4.3. The effect of empathic traits on the understanding of hemiplegic states {#s0105}
----------------------------------------------------------------------------

The behavioral results demonstrated that there is a significant positive correlation between the scores for perspective-taking ability (i.e., IRI-PT) and the subjective ratings for some QMF items, only in the NPs and not in the PTs. These findings suggest that NPs who have greater ability to adopt another person\'s psychological point of view are capable of better identifying the physical and mental states of hemiplegia to some extent. In particular, the NPs\' perspective-taking ability is strongly related to the degree of understanding the somatosensorial and mental states associated with hemiplegia (i.e., the items: STIFF, NOT RELAXED, NO CONTROL, and IRRITATING). This is consistent with previous notions that adopting the perspective of another person induces a strong empathic response ([@bb0200]; [@bb0240]). Thus, perspective-taking ability of the NPs would play a role in understanding the difficulties experienced by hemiplegic individuals.

In contrast to the NPs\' correlation results, the PTs\' IRI scores were not related to the scores for any of the QMF items, suggesting that their understanding may rely upon their accumulated pseudoexperience of hemiplegia based on their clinical treatment session or practice rather than perspective-taking skills or other empathic traits. Thus, their pseudoexperience appears to function critically in the comprehension of hemiplegic states when taken with behavioral results, especially given that their ratings for all the QMF items were higher than those of the NPs.

4.4. Implication for clinical care {#s0110}
----------------------------------

Given our behavioral findings, accumulating pseudoexperience with hemiplegia through clinically touching and observing patients with hemiplegia is considered to be preferentially responsible for an accurate understanding and assessment of patients with hemiplegia. Such an accumulating pseudoexperience process is considered to be more significant than heightening inherent empathic traits for the appropriate understanding of patients\' states. Thus, even if they are not highly empathic therapists, accumulating experience through their own sensory systems such as touching and observing their patients would enhance their clinical skills.

Furthermore, this assessment should be instantly processed in a PT\'s brain because the AON is thought to intuitively map observed movements on observers\' bodily representations ([@bb0140]; [@bb0190]). Considering that accurate and instant assessment is the most fundamental process in physical therapy, such assessments based on pseudoexperience may enable PTs to administer more comprehensive treatments to their patients. It is conceivable that constant accumulation of pseudoexperience with hemiplegia in routine clinical practice or training should improve PTs\' skills for better rehabilitation treatment.

In addition, the effect of clinical pseudoexperience probably extends to a PT\'s daily life. For example, PTs may instantaneously be more able to notice the suffering of individuals with disabilities on the street, trains, and elsewhere, enabling them to provide an assistance for them. Future investigations are needed to test whether accumulated pseudoexperience can exert clear influences on outcomes of treatments by comparing the clinical skills of highly-trained PTs and those of PTs with little experience by measuring brain activity.

5. Conclusion {#s0115}
=============

In the present study, our findings suggest that the PTs\' pseudoexperience enabled them to conduct a more thorough observational assessment of the physical and mental states of individuals with hemiplegia. Furthermore, the PTs\' ability, related to action understanding, would contribute to a more critical assessment of the mental states associated with hemiplegic movements. Thus PTs with significant pseudoexperience may possibly offer more comprehensive physical therapy treatment for their clients.
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[^1]: The threshold was set was set at voxel level of *p* \< .001 (uncorrected) and cluster level of *p* \< .05 (family wise error (FEW) corrected). PTs: physical therapists; NPs: naïve participants; HHM: hemiplegic hand movements; non-HHM: non-hemiplegic hand movements.

[^2]: The threshold was set was set at voxel level of p \< .001 (uncorrected) and cluster level of *p* \< .05 (family wise error (FEW) corrected). PTs: physical therapists; NPs: naïve participants; HHM: hemiplegic hand movements; non-HHM: non-hemiplegic hand movements.

[^3]: Analysis for the rTPJ × PTs during observation of hemiplegic hand movements. The threshold was set was set at voxel level of *p* \< .001 (uncorrected) and cluster level of *p* \< .05 (family wise error(FEW) corrected). rTPJ: right temporoparietal junction; PT: physical therapist.
